Inhibition of monocyte oxidative responses by Bordetella pertussis adenylate cyclase toxin.
Bordetella pertussis and the other Bordetella species produce a novel adenylate cyclase toxin which enters target cells to catalyze the production of supraphysiologic levels of intracellular cyclic adenosine monophosphate (cAMP). In these studies, dialyzed extracts from B. pertussis containing the adenylate cyclase toxin, a partially purified preparation of adenylate cyclase toxin, and extracts from transposon Tn5 mutants of B. pertussis lacking the adenylate cyclase toxin, were used to assess the effects of adenylate cyclase toxin on human peripheral blood monocyte activities. Luminol-enhanced chemiluminescence of monocytes stimulated with opsonized zymosan was inhibited greater than 96% by exposure to adenylate cyclase toxin-containing extract, but not by extracts from adenylate cyclase toxin-deficient mutants. The chemiluminescence responses to particulate (opsonized zymosan, Leishmania donovani, and Staphylococcus aureus) and soluble (phorbol myristate acetate) stimuli were inhibited equivalently. The superoxide anion generation elicited by opsonized zymosan was inhibited 92% whereas that produced by phorbol myristate acetate was inhibited only 32% by B. pertussis extract. Inhibition of oxidative activity was associated with a greater than 500-fold increase in monocyte cAMP levels, but treated monocytes remained viable as assessed by their ability to exclude trypan blue and continued to ingest particulate stimuli. The major role of the adenylate cyclase toxin in the inhibition of monocyte oxidative responses was demonstrated by: 1) little or no inhibition by extracts from B. pertussis mutants lacking adenylate cyclase toxin; 2) high level inhibition with extract from B. parapertussis, a related species lacking pertussis toxin; and 3) a reciprocal relationship between monocyte cAMP levels and inhibition of opsonized zymosan-induced chemiluminescence using both crude extract and partially purified adenylate cyclase toxin. Pertussis toxin, which has been shown to inhibit phagocyte responses to some stimuli by a cAMP-independent mechanism, had only a small (less than 20%) inhibitory effect when added at concentrations up to 100-fold in excess of those present in B. pertussis extract. These data provide strong support for the hypothesis that B. pertussis adenylate cyclase toxin can increase cAMP levels in monocytes without compromising target cell viability or impairing ingestion of particles and that the resultant accumulated cAMP is responsible for the inhibition of oxidative responses to a variety of stimuli.